Neurotransmitter glycine in the nano gram range was analyzed using a paste electrode (PE) in cyclic voltammetry (CV) and square-wave stripping voltammetry (SWSV). An anodic peak caused by oxidation of the glycine ion appeared at the 0.4 V (versus Ag/AgCl/KCl) potential in a 0.1 M NH 4 H 2 PO 4 electrolyte solution. At optimized conditions, the working range of the SWSV and CV concentration was found to be 5-60 ngL −1 glycine; precision of R 2 = 0.9816 (SWSV) and 0.9986 (CV); and detection limit of 0.65 ngL −1
Introduction
Neurotransmitters of glycine and their corresponding analogy are present in the composition of the brain, liver, lung and kidney tissue in the human body. Diagnosis of this extracellular brain assay is important in the evaluation of schizophrenia, anxiety related disorders, stroke, Parkinson's disease, and depression. 1 Measuring neurotransmitters is important in medicine, neuropsychiatric science, and other analytical fields. 2, 3 It has been shown that various analytical methods achieve low detection limit (DL) in laboratory conditions. For example, liquid chromatography achieved 5.07 nM DL per 20 μL injection volume, 2 a solid-state optically based selective sensor yielded DL; 30 nM, 4 an H 1 -NMR spectra method yielded DL; 15 μM, 5 an HPLC-fluorescence detector yielded DL; 40 nM, 6 a high-performance liquid chromatography with photodiode array detection yielded DL; 0.154 μM, 7 a high-performance liquid chromatographic and colorimetric assay exhibited DL; 6 ng, 8 capillary electrophoresis with laser-induced fluorescence detection exhibited DL; 23 nM, 9 capillary electrophoresis with lightemitting diode-induced fluorescence detection yielded DL; 9.3 nM, 10 and a column-switching HPLC tandem mass spectrometric method yielded a concentration range of 5-200 ngmL . 11 However, all these methods demand separation and other detection systems, such as photometric or electrochemical systems. In analytical science, simpler and more sensitive methods are required. Electrochemical systems have long been recognized as simple, fast and powerful tools for trace analysis. [12] [13] [14] In biological assay, glycine and its analogy are composed of very low concentration ranges of nano-or picogram ranges. In this study, a highly sensitive working electrode was prepared using a new type of carbon nanotube electrode exhibiting various physical and electrochemical properties. [15] [16] [17] [18] [19] [20] Moreover, DNA, which has a specific affinity for various molecular recognition in analytical chemistry, 21 was immobilized on the carbon nanotube surface using cyclic voltammetry. DNA's electrical biosensing property was seen in several other papers, [22] [23] [24] [25] and can be used in a bioassay 26, 27 that described the optimization of a combined electrode for glycine assay. This successfully yielded a lower detection limit compared to common analytical methods. 2, [4] [5] [6] [7] [8] [9] [10] The results were applied in real-time assay in mammalian tissue and can also be applicable to human neuropsychiatric science in real time.
Experimental Design
Preparation of Electrode. The PE working sensor was made with a DNA, carbon nanotube and mineral oil. The PE was prepared by mixing 40% nanotube graphite powder (Nanostructured & Amorphous Materials, Inc.) and 40% DNA (double-stranded and prepared from calf thymus sigma) with 20% mineral oil. The mixture was homogenized in a mortar for 30 minutes. The mixed paste was then inserted into a 5 cm-long plastic needle-type capillary tube with a diameter of 1.5 mm, and a copper wire with a diameter of 0.5 mm was connected to the electrochemical measurement system. An Ag/AgCl electrode and a platinum wire electrode served as the reference electrode and the auxiliary electrode, respectively. A three-electrode cell was used to monitor the voltammetric signal.
Reagents. , and the common parameters for SWSV were set at optimized conditions. DNA immobilization was performed through a cyclic scan with an initial potential of +1.6 V, a switching potential of 0.6 V, and a scan rate of 0.5 mVs
, with a tan cyclic repeat to stabilize the electrode surface. Since the voltammetric response of glycine is dependent on the electrolyte solutions and the hydrogen ionic strength, various types of electrolyte solutions were tested. The phosphate solution was found to yield the best results.
Results and Discussion
Cyclic Voltammetry. First, peak potentials for glycine were determined using wide potential ranges from -0.8 to 1.6 V. At the anodic scan, strong current of 0.4 V and weak current of 0.8 V potentials were obtained, under which 0.4 V oxidation occurred on the electrode surface with glycine adsorbates for the cationic (1): NH3
, while other 0.8 V peak potentials depended on the second reaction (2) . In this configuration, glycine varies from being cationic, zwitterionic, and anionic by the accumulation potential and hydrogen ionic strength, [28] [29] [30] and only irreversible anodic current appeared. 31 Thus, analytically usable 0.4 V peak potentials were examined using increased concentrations. Figure 1(A) shows the results, where conditions of 0.4 V also linearly increased. All the other experiments used these results. In Figure 1 (B), more exact peak potentials were compared using the common type glassy carbon, the pencil type electrode, [32] [33] the carbon nanotube paste electrode, and the DNA-mixed carbon nanotube paste electrode, and obtained the same peak potentials. Calibration curve shows 4 points of 0.2-0.8 mgL −1 glycine spikes in the same contained cell. Both peaks appeared at the same potential of 0.4 V, and peak highs of 7.23 × 10 −5 A (DNAPE) and 0.934 × 10 −5 A (nanotube) were obtained. In the figure, the DNAPE electrode is shown to have more sensitively responded compared to the nanotube electrode. Thus, more sensitive working ranges were examined using SWSV accumulation systems.
Optimization of SW Parameters. The SWSV accumulation time was determined to be in the range of 50-500 s with 10 points using magnetic stirring condition. Figure  2(A) shows the results. At the range of 50-300 s, the peak current very quickly responded and the peak width sharply appeared, under which −0.43 V depended on the diffusion and migration effects of (2) NH3
, whereas from 300 to 500 s, the peak high slowly decreased and reached a steady state. The maximum peak was found to be at the 300s accumulation time with 10.58 ± 0.75 × 10 −6 A mean peak was repeatedly measured (n = 3, RSD = 9.58%). All the other experiments were performed using these results. At these conditions, the accumulation potential was examined using an anodic scan from −0.5 to 0.2 V. Figure 3(A) shows the nanogram ranges for SWSV and CV in raw voltammograms. All the peaks sharply responded from 15-to 60 ngL −1 SWSV with 10 points, and the linear equations for the Δx/Δy = 0.4411 sensitivity, the −4.0118 intersection, and the R 2 = 0.9816 precision were calculated. This is shown to be more highly sensitive compared to other common methods. Figure 3(B) shows that the CV results at the 5-35 nanogram range increased slowly and the peak currents responded to the slope ratio of Δx/Δy = 0.1305-0.1724 and the precision of R 2 = 0.9583. The range of 40-60 ngL −1 glycine for the five points linearly increased with Δx/ Δy = 2.9226 and the intersect of −111.17, the precision of R 2 = 0.9986 was calculated, the 0.4 V potential appeared, and small 0.8 V anodic and 0.4 V cathodic peaks were obtained. These two peaks were not used in the analytical applications. These results show that the SW peak current responded more sensitively compared to the CV peak high.
Finally, an analytical application was carried out on living fish. Figure 4(A) shows the diluted fish brain tissue. A fish sample was prepared with an extracted 0.2781 g brain tissue with flashly and diluted in 10mL distilled water with one drop each of 0.1 M HNO 3 and ethyl alcohol added. Figure  4 (A) shows that the first blank curve did not obtain any signal. Subsequently, the 0.2 mL tissue solution was spiked, and at this curve, a small peak potential of 0.4 V appeared at the same conditions as those of the other cells. Moreover, 20-and 40 μgL −1 glycine were spiked, and the 1.24 ± 0.45 μg/mL mean (n = 3, RSD = 5.40%) result was calculated using the standard addition method. This can be applied to in vivo diagnosis. Figure 4(B) shows the electric circuit of an in vivo implantation, indicating better sensitivity in the application on living fish brain tissue. A working electrode was inserted in the fish brain's 7 mm core using a needletype micro hand drill with a 0.2 mm diameter under anesthesia. A 10 mm long Ag/AgCl: Cl coated Ag wire with a 0.1 mm diameter was used as the reference electrode. A counter electrode (Pt 0.1 mm diameter) was inserted 5 mm deep into the backbone tissue, and all the electrodes were cemented with a tooth binder and connected to a 0.05 mm enamel-coated copper wire with an electrochemical system. Stripping was performed at optimized conditions. 
Conclusions
Voltammetric analysis of glycine was performed using DNA immobilized on a carbon nanotube PE. The optimum analytical conditions were set at 300 s accumulation time, 
